Abstract: There is a growing consensus that food security is vital to the general wellbeing of any economy, but a far less consensus on whether food security can spur economic growth in a country. Many economic growth strategies focus on specific interventions (trade openness index, tropical climatic variables, working age population share etc.), but many factors, such as food availability, female education and health outcomes, can potentially have a profound influence on economic growth. To explore this hypothesis more systematically, this paper employs a rich cross-country dataset of 124 countries to examine the impact of food security, using food availability as a proxy on economic growth. This paper examines the impact of food shortages on African economic growth rates. It does so by extending the Barro growth model to include food availability as a right hand-side variable and by distinguishing African countries with food shortages from others. Based on the cross-country regressions results, the paper concludes that the improved food availability indeed contributes to the improved economic growth in general, as well as in Africa.
The importance of the determinants of economic growth cannot be emphasized enough. Despite an impressive number of literatures available on this subject, it is still imperative to establish, with some level of certainty, the factors that policy makers should focus on whilst pursuing economic growth, particularly in Africa, where a struggle in achieving economic growth has been evident. Despite a significant number of available literatures in this area, there are contrasting opinions with regard to the determinants of economic growth. Various models and variables have been identified by various authors over the years. Among these authors, there are Barro (1991) , Barro and Sala-i-Martin (1992) and Block (2001) , who have used the cross-country data to compare economic growth across different regions and countries. The conjecture is that countries within Africa tend to grow differently and that these growth differences can be attributed to various factors, such as the tropical climatic variables, the working age population share, the trade openness index, life expectancy, the resource abundance and the access to the sea, Sachs and Warner (1997) and Burger and du Stan (2006) . On the other hand, the findings of Easterly and Levine (1998) reveal that the life expectancy, the resource abundance, the institutional quality index and the access to the sea are not robustly significant in determining growth, but that instead the primary enrolment, the black market premium and the neighbourhood effect are a part of the important variables that account for the difference in economic growth.
The cross country data of 124 countries has been used, following the work of Barro (1991) , with the inclusion of food supply as a new variable. Over the years, the emphasis has been on the policy action to resolve food shortages in Africa and authors such as Scanlan (2001) have attributed the inadequacy in food supply to the lack of economic growth within the continent. Using an OLS regression on food security change, Scanlan's findings suggest that both the population pressure and the over-urbanization have a negative impact on food security, while the fertilizer application technologies, the land use intensification, the infrastructural development and the internationalization of the food market have helped to offset these negative effects. Similarly, the findings of Yang et al. (2003) reveal that food insecurity and hunger are a direct result of low income. Also, the poor and populous countries might experience water deficit induced food insecurity, and the symptoms of starvation could intensify, if proper actions are not put in place over the next 30 years. Timmer (2004) , using the Asian markets as an example, suggests that economic growth and food security are mutually reinforcing. He argues that most Asian countries have been able to escape food insecurity through economic growth and at the same time economic growth has been achieved within this economy via an increase in food security. Dorward (2012) has also shown that the short term food security can be improved by increasing economic growth and lowering domestic prices.
Despite a significant success in the aforementioned school of thought, little has been achieved with regard to the increasing economic growth within African countries. This begs the question whether the low food supply really is due to the poor economic growth or whether it is actually the other way round. This forms the basis of this research work and the research paper attempts to provide an answer by using the traditional cross country dynamics in growth model.
The next section of this paper examines the review of different contending opinions with regard to what accounts for the growth differences between Africa and other continents. The third section explains the model and the data used for this work. The fourth section, by using a descriptive analysis, examines the relationship between food supply and the GDP growth rate over the length of the study. The findings and the subsequent discussion will be outlined in the fifth section and the sixth section provides a conclusion and recommendations based on the findings of this work.
REVIEW OF DETERMINANTS OF GROWTH
The past decade has witnessed a remarkable surge of interest in food security and the economic growth issues. There is now abundant evidence that these two issues are intertwined. The Asian story is a valid indicator of the current link of these two areas. The word food shortage or crisis is gradually becoming an appellation for the African continent. The continent, especially with regard to the Sub Saharan African countries, shows the weakest signs for food security and human welfare indicators within this timeline. It has to be noted though that a number of African countries recorded a tremendous economic growth within the same timeline. Five African countries made the list of the World's ten fastest growing economies between 2001-2010, with Angola (11.1%), Nigeria (8.9%) and Rwanda (7.6%) all featuring on the list. Estimating and measuring economic growth is not a new field of research, although the variables for measurement are not static. Different variables have been identified as determinants for economic growth. According to the Solow growth model, the major determinants for growth are initially the level of income, technology, the population growth rate, depreciation and the level of capital stock. Several studies and methods have been used to analyse the determinants for economic growth. Such studies include the work of Alfaro et al. (2004) , which suggests that foreign direct investment alone has an uncertain impact on economic growth and countries with well-developed financial markets tend to gain more from it. Similarly, the determinants of growth within regions of Russia have been identified as export and foreign direct investment (Ledyaeva and Linden 2008) . This study suggests that the export within the Russian regions is mainly due to oil and gas. In as much as this spur growth rests in the short-term, it may not be sustainable in the long-term considering the high volatility of oil prices. Policy makers in Russia should look into other exports, rather than solely relying on the oil export as a source for economic growth. Furthermore, Rupasingha et al. (2002) have identified both social and institutional factors for different states within the United States that are important factors with regard to explaining the difference in convergence rates amongst the states. In particular, these are the ethnic diversity and the high social capital. Both appear to contribute positively to economic growth, while the income inequality hampers growth in the studied states.
Studies on Africa economic growth have discovered that most of the mentioned variables or factors fail to correctly capture the African economic growth story. Their findings suggest that perhaps there are other factors apart from those commonly employed, which can explain the retrogression in growth within the African region. Hoeffler (2002) has identified low investment and high population growth rates as some of these factors. Similarly, Easterly and Levine (1997) have argued that the inhibited economic growth within the Sub Saharan Africa is due to several variables, such as the low enrolment numbers for school, political instability, underdeveloped financial systems, the distorted foreign exchange markets, high government deficits, and the insufficient infrastructure. Glewwe et al. (2007) found that, since the quality of education in Africa is lower compared to other developing countries, the contribution to growth is lower as well, and it would be more useful to focus on a country specific microeconomic study rather than the cross country studies, if the credible evidence on the impact of education on economic growth is to be obtained. Block (2001) argued that an abundance of natural resources is detrimental to institutional development within Africa, and other factors that tend to reduce the population growth and enhance the institutional quality outside Africa do not have the same positive impact within Africa. Other important works that buttress this point include the work of Bloom and Sachs (1998) , which reveals that the major obstacle for growth within Africa is its climate, soils, topography, demography and the disease ecology, leading to a low agricultural productivity, high disease burdens and a low international trade. Acemoglu et al. (2001) also suggest that the dysfunctional extractive institutions using high settler mortality rates as a proxy is one of the reasons for the slow growth within the newly independent Sub Saharan African countries. Englebert (2000) reveals that most African countries are faced with substantial limitations with regard to powers and are therefore constrained in their responses. Instead of pursuing developmental policies, they opt for the policies from which they can gain power. Diop et al. (2010) suggest that poor governance and weak institutions, such as the rule of law, property rights, the regulatory burden, the political violence, and the governmental ineffectiveness hinder growth within the ECOWAS countries. Similarly, Tsangarides (2005) reveals that the convergence of per capita income in Africa is particularly dependent on the political and institutional variables. This paper examines the impact of food availability on economic growth within Africa and attempts to investigate if the inadequate food availability is one of the reasons, why some African countries have experienced stunt growth over the years. In order to accomplish this goal, two sets of dummies were introduced in this study; a 0-1 dummy variable and a second 0-1 dummies for African countries with food crisis over the last decade.
ECONOMETRIC MODEL
In the work of Burger and du Plessis (2006) , "model selection is very complex, especially in the field of growth where there are a remarkable large number of potential regressors and insufficient theoretical guidance to form a consensus on model specification". Therefore, for this study, the traditional dynamic Solow model for the cross country analysis was followed using data from 124 countries from 1970 to 2007. As the researchers are interested in the overall impact of food supply on economic growth, all variables were averaged out in order to net out the cyclical fluctuations and to average out each country's time series into a single data point, in order to eliminate variations within each country over the study period. Many authors have used this method of single point averaging, including Barro (1991) , Barro and Sala-i-Martin (1991, 1992) and Kormendi and Mequire (1985) . (1) where i is an index of country, t is the final year, variable y it is the final years real GDP, the initial real GDP per capita (y i0 ), using the Lespeyre's index, is expected to have a negative impact on growth, meaning that due to diminished returns on marginal investment, the higher initial real GDP per capita will result in the lower future growth making any convergence conditional on the remaining explanatory variables, investment share (s i ), food supply per day (f i ), and human capital (h i ) are all expected to spur economic growth. Life expectancy (leb 0 ), primary school enrolment (P e ) and secondary school enrolment (S e ) were used as a proxy for human capital. Variable  j ij X ln is the sum of the African dummies and the interaction term, a j is the coefficient for each dummy and the interaction term that will be used in the model, while ξ i is the error term. The African dummy, inflation rate (π i ) and population growth (n i ) are all expected to have a negative impact on growth. Data on the investment share, the population growth rate, the inflation rate and human capital were obtained from the World Bank data base, the Real GDP Lespeyre's Index was obtained from the Penn World Table 7 .0, while the daily food supply data was obtained from the FAOstat 1 . The African dummy (SSA2) was assigned a value of 1 for countries within Africa with food crises in the last decade, while the remaining countries were assigned a value of 0, while the SubSaharan African dummy (SSA), which represents all African countries included in the study, was also assigned a value of 1 and 0 for rest of the world (ROW) countries. The Stata software package was used for the regression analysis.
From the 26 of the 40 countries that experienced food crisis in the last decade in Africa, 20 of those for which the data was available represent the countries with the SSA2 dummy, while other countries are considered to be non-African. Furthermore, the SSA dummy represents 45 African countries included within the study and the reasoning behind the choice for this study is to reveal the impact of food shortage on the economic growth of these African countries and not to take all African countries at face value, since most of the countries within Africa that do not have food crisis are in a better situation in terms of economic growth.
Endogeneity and valid instruments
To test if the Ordinary Least Square (OLS) is consistent with regard to estimating the regression model and to ensure that it does not produce an unbiased coefficient for the growth regression, it is important to test, whether all of the explanatory variables are exogenous. In the growth model (1), it is expected that the food supply and the primary and secondary school enrolment rate might be exogenous, hence yielding a biased coefficient estimate. One would expect that an increase in income measured as the gross domestic income would enhance a higher purchasing power, in order to achieve a sufficient food supply and demand for education. Therefore, to detect the presence of endogeneity in this study, particularly between food supply and economic growth, both the OLS and two stages least square (TSLS) in order to obtain estimates for the growth analysis coefficients. For the TSLS, it is important to get a valid set of instrumental variables 2 , so as to obtain consistent parameter estimates with meaningful inferences.
For this study, the instruments of choice are the lagged variables of measures for education and the determinants of food supply. The researchers expect that if endogeneity is a problem in the OLS estimates, then the size of the regressor coefficients in the TSLS would either increase altogether or decrease (Webber 2002) . To obtain the determinants for food supply (food availability) that can serve as valid instruments for the TSLS, this study examined the joint impact of some of the variables identified as important determinants for food security by Scanlan (2001) , namely the adaptive measures, such as the fertilizer application, the arable land size, the renewable freshwater and the food import ratio on food security. If these variables jointly 3 determine food supply which is a proxy for food security, then they will be considered as valid instruments for the growth model. The choice of these variables is to ensure that the instrument is not correlated with either the explained variable or other explanatory variables, and that these variables only affect the explained variables via the endogenous variable.
where f i is the food supply, which is the suspected endogenous variable in the growth model, i ϖ is the renewable water available, ψ i is the fertiliser consumption, ℓ i is the arable land size use in agricultural production ι i is the food import ratio and ζ i is the error term. b0 0 represents the constant, b0 1 , b0 2 , b0 3 and b0 4 are the coefficients of each variable . All variables are in the log form for each specific country over the studied period.
Comparison of the average food supply and the gross domestic product across different regions Figure 1 shows the average food supply per capita between 1970 and 2007 across different regions. From the figure, it can be observed that the rest of the world countries have the highest food supply, followed by African countries. African countries with food in-2 Ashley(2009) defines an instrument as an observable regressor which is both substantially correlated with the endogenous variable and asymptotically uncorrelated with the model error term. 3 The F-statistics test will help to determine the level of their joint significance. countries, the SSA countries and the ROW countries, respectively. The three graphs show a co-movement between the growth in the gross domestic products and food supply. The food supply and the GDP growth rate within vSSA2 countries with food insecurity are more closely related, unlike the ROW and the SSA, where the food supply appears more smooth and does not fluctuate as much as the gross domestic product. This suggests that the SSA2 countries with food insecurity may tend to feel the impact of food insecurity more on their gross domestic product than other countries. Figure 6 shows a scattered diagram of the relationship between economic growth and the log of food supply for all countries. With a positive correlation of 0.29, the figure indicates that there is the possibility of a relationship between food supply and economic growth.
RESULT AND DISCUSSION
The result in Table 1 (appendix) from model 2 shows the impact of the determinants of food supply as a proxy for food security. All of the variables except those for food import are significant in explaining food security within the cross countries studied. The joint p-value and F-statistics signify that all the variables jointly explain food supply as a proxy for food security.
Since the model is a log-log model, each coefficient signifies the response of food supply to a 1% change in each of the variables. In the order of importance, land availability has the largest impact on food supply as a proxy for food security. A 1% increase in arable land size increases food supply by 0.64%. With a 1% increase in water availability, food supply is expected to increase by 0.50%, and a 1% increase in fertilizer will increase food supply by almost 0.14%. The food import dependency ratio has a negative and insignificant long-term impact with regard to food security. This result is urprising, since the previous studies found a positive and significant relationship between food security and the food import dependency ratio 4 . The only explanation for this surprising result could be that the previous studies considered this impact for a short time span, whilst in this study, we have considered the impact over a long time span. Therefore in the short run, the food import dependency ratio may be helpful in ensuring food security, but in the long run this is not the case. Also countries that are highly food import dependent are likely to be more affected during the periods of global food scarcity with high fluctuations in food prices.
The F-statistics and P-value of the regression suggest that all the variables jointly affect food security. Therefore, these variables will be considered as instruments for the TSLS to rule out the possibility of endogeneity between the GDP growth rate and food security. Furthermore, the Hansen's J-statistics test will be carried out to ensure the validity of these instruments. Tables 2 to 4 show several results of the growth model with different measures for human capital. Table 2 presents the regression results with different measures for human capital with the SSA2 dummy.
Column 1 of the table shows that there is a positive relationship between economic growth and three major variables, namely the investment, the life expectancy and the food availability, while the initial gross domestic product, the population growth rate and the inflation rate all have a negative impact on the economic growth rate. This result is in line with the researchers' prior expectation. Except for the inflation rate, all coefficient estimates in the ordinary with the least square with a robust standard error model in column 1 of Table 2 are significant at the 5% level. For this study, the food availability measure is the main focus and it has a positive and significant impact on economic growth within all the 124 studied countries, with a 1% increase in food availability leading to about 0.06% rise in economic growth. Column 2 of Table 2 introduces the SSA2 dummy, which attempts to identify, if there is a growth difference between the SSA2 and the ROW countries. The result suggests that the dummy is negative and significant 5 and furthermore that, with all the variables except for inflation being significant at the 5% level, food availability is positive and significant. Column 3 of Table 2 shows the fully unrestricted specification with interaction between the SSA2 dummy and all the previously included dimensions. The result indicates that the SSA2 slope terms differ in three dimensions, namely the life expectancy, the investment and the All variables are in log form and p-values in parenthesis with *** p < 0.01, ** p < 0.05, * p < 0.1 food availability. The food security interaction term is positive and significant, suggesting that the SSA2 countries with food insecurity over the last decade could have done better in terms of economic growth if they have had access to sufficient food.
Columns 4 to 6 of Table 2 show the effect of adding the average primary school enrolment as a measure for human capital instead of life expectancy. The result in column 4 of the table suggests that all variables have the expected signs and are significant at the 5% level with the food availability having an estimated 0.06% increase impact on economic growth. Column 5 shows that all the variables except the primary school enrolment are significant at the 5% level. The SSA2 All variables are in log form and robust standard error in parenthesis with *** p < 0.01, ** p < 0.05, * p < 0.1 dummy is negative and significant just as obtained in column 3 and a 1% increase in the food availability will increase economic growth by about 0.06% within all of the studied countries. Column 6 presents the fully unrestricted form of the model and the result suggests that the SSA2 slope terms differ from the rest of the world and other African countries with regard to one dimension -the primary school enrolment. A 1% increase in the average primary school enrolment over the studied period increases economic growth by about 0.7% for all other countries, but decreases economic growth within African countries with the food insufficiency by about 0.3%. This result implies that African countries with food insecurity do not benefit from the primary enrolment as it occurs in the rest of world, and this may be due to the fact that a year of schooling within this region produces less productive skills than a year of schooling in other regions (Glewwe et al. 2007) . Columns 7 to 9 of Table 2 show the effect of adding the average secondary school enrolment as a measure for human capital. The result in these columns appears to suggest that the impact of the average secondary school enrolment over the studied period on economic growth is not as different from the aforementioned. The only difference is that the secondary school enrolment has a positive and significant impact on economic growth for all of the results reported in the three columns. This result implies that the secondary school enrolment has a more significant impact on economic growth than the primary school enrolment and this is similar to the findings of Webber (2002), only that Webber's result suggests an insignificant impact for all three measures of education when considered in the light of economic growth. Column 9 presents the fully unrestricted regression result and the result suggests that African countries with food insecurity differ from the rest of the world in five dimensions, namely the food availability, vinitial real GDP levels, investment, vinflation rate and the secondary school enrolment. Food availability is still significant at the 5% level for all countries and it does contribute to the growth differentials for African countries with food insecurity. Table 3 presents the result for different measures for human capital with the SSA dummy. Columns 1 to 3 present the regression result with life expectancy as a measure for human capital and the results suggest that the SSA dummy is negative and significant. Similarly, all variables except the life expectancy and the inflation rate are significant at the 5% level and the fully unrestricted specification reveals that the SSA slope terms differ from the rest of the world only in one dimension, namely the population growth rate, and this is similar to the existing findings in literature (Bloom and Sachs 1998; Block 2000; Hoeffler 2002) .
Columns 4 to 6 of table 3 present the regression results with regard to the primary schools as a measure for human capital and the result in column 4 suggests that all the explanatory variables are significant at the 5% level. In column 5, all variables except for the primary school are significant at 5% with the SSA dummy being negative and statistically significant with regard to explaining economic growth. Column 6 reports that the SSA dummy is no longer significant with regard to explaining the slope differential between African countries and the rest of the world, but instead the slope differential is due to the population growth as found in column 3 of Table 3 .
Columns 7 to 9 of Table 3 report the impact of the average secondary school enrolment over the studied period on economic growth. The result suggests that the average secondary school enrolment enhances economic growth within all the studied countries and the result is not as different from the aforementioned. The only difference is that the secondary school enrolment has a positive and significant impact on economic growth for all of the results reported in the three columns. This result implies that the secondary school enrolment has a more significant impact on economic growth than the primary school enrolment and this is similar to the findings of Webber. Food availability is still significant at the 5% level for all countries, the only difference now is that it is not significant with regard to explaining the growth differences between the SSA and the ROW countries.
It is obvious from Tables 2 and 3 that combing all African countries does not provide a true picture of the cause for growth differentials between Africa and the rest of the world. Instead, the cause of growth differentials between the food secure and insecure African countries clearly differs. While the population growth appears to be the sole growth differential between all African countries and the rest of the world, the food availability and investment in both physical and human capital has stood out as the reason for growth differentials between the SSA2 countries and the ROW countries. The investment in physical capital has more gain in the SSA2 countries than the ROW countries. This result clearly supports the major bedrock of the Solow model -that the return to capital will be much higher within regions with a lower initial capital stock. On the other hand, the investment in human capital has a negative significant differential impact on economic growth within the SSA2 countries and the ROW countries. As puzzling as this may seem, the only reason why this might be true may be in the terms of the quality of capital. A low quality of both education and health may have contributed to this negative relationship. Block (2001) reports a similar finding based on the differential impact of the initial life expectancy as a measure for the investment in human capital. Although Block's study did not find a significant negative impact of the initial life expectancy as a reason for the growth differentials between Africa and the rest of the world, it yet suffices to mention this finding. Similarly, the negative relationship between economic growth and the school enrolment, which is a proxy for human capital within these African countries, is not totally new, although there are studies that argue that edu- cation has a positive impact on economic growth. Krueger and Lindahl (2000) , using cross the country analysis and the years of schooling as a proxy for human capita, argue that there is a possibility that education might not contribute to economic growth as one would expect, especially when the unemployment rates are rising with an increase in education and where the return to physical capital is higher than the return to human capital. Gyimah-Brempong (2010) on the other hand suggests that human capital using educational attainment as a proxy has a positive and significant impact on economic growth within all 52 African countries that were analysed. As different as these findings may seem, one thing that is certain: Table 4 . TSLS using alternative measures for human capital and the ssa 2 dummy from model 1
(1) (2) (3) (4) (5) (6) (7) (8) All variables are in log form and robust standard error in parenthesis with *** p < 0.01, ** p < 0.05, * p < 0.1 there is a form of relationship between education and economic growth, despite the difference in methodology or approach. This study has reconfirmed this. Another finding that stood out in this research is the positive relationship between the food availability and economic growth for food insecure African countries (SSA2). Although this may appear interesting, it is possible that this result has emerged due to an endogeneity issue, which we do not intend to ignore in this study. Moreover, education might also be both All variables are in log form and robust standard error in parenthesis with *** p < 0.01, ** p < 0.05, * p < 0.1 a cause and a consequence of economic growth. It is therefore logical to anticipate the existence of bias in the coefficients for both the food availability and education proxies. To tackle this issue of endogeniety, two stages least square (TSLS) was carried out and Tables 4 and 5 in the appendix report the findings of the regression. Both tables show that the OLS coefficients do not differ significantly from the coefficients obtained from the two stage regressions. The same deduction can be obtained from all the results. If endogeneity was present, then the majority of the coefficients would move in the same direction (Webber 2002) . In this case, the majority of coefficients have an almost identical size to those obtained from the OLS regression, suggesting that endogeneity is not a problem in this study. Also, the Hansen's J statistics are not within the rejection region of the chi square in most cases, implying that the instruments are valid. Although the t-statistics were, in most cases, significantly smaller than those obtained from the OLS, this is usually the case in the two-stage least square estimation, yet we can generally assume that this might be due to the multicollinearity between the endogenous variables and the valid instruments.
CONCLUSION AND RECOMMENDATIONS
This paper reviewed the macroeconomic studies on the determinants of economic growth and the factors that cause growth differentials between African countries and the rest of the world. The analysis was performed using different measures for human capital, life expectancy, the primary school enrolment and the secondary school enrolment. Even with these different measures for human capital and food availability, the proxy for food security was positively significant in explaining growth for all of the 124 studied countries and countries in Africa that have experienced food insecurity over the last decade and that could have performed better if they had had access to sufficient food.
Also, this study suggests that the grouping of all African countries together does not give a true picture of the determinant of growth differentials between African countries and the rest of the world. The results of this study suggest that for African countries with food insecurity, the determinant of growth differentials when compared with the rest of the world is physical and human capital, as well as food security itself. On the other hand, when all African countries are considered together, the major determinant of growth differentials is the population growth rate. Findings from this paper are similar to that of Barro (1991) , Sala-I Martin (1997) and Easterly and Levine (1998) , who suggests that the African dummy is negative. For both the SSA and the SSA2 dummies that were used in this study, it was observed that the African dummies were negative and significant most times, but the reason for growth differentials in both cases differed, therefore suggesting that not all African countries have the same growth patterns or characteristics and therefore should not be treated as such. The future work could analyse the contribution of the different sources of food availability by comparing the domestic food production within the food insecure countries with the food aid and food import and their impact on economic growth, as this would help the policy makers and the donor countries in opting for the best policies.
Finally, the findings from this research work show that it would be of great benefit for African countries with food crises, famine or near famine over the last decade to pursue economic growth through food security and investment in both physical and human capitals. Donor organizations and countries should support these African countries even more through the domestic food production programs that ensure the domestic food security. If these countries can achieve food security, then economic growth will be much easier to attain.
